The WHO has attempted to provide expert advice on the recent H5N1 controversy to inform such public debates and decision making. 35,36 
Society's rising expectations for improved treatments and better health outcomes continuously push the boundaries of discovery in biomedical research. One focus of such research is to develop the newest drugs to address humanity's increasing exposure to emerging infectious diseases. This has led both privately and publicly funded researchers to take on the task of studying highly infectious diseases in laboratory settings. Illustrating this phenomenon is the recent work of two research laboratories at universities that have demonstrated how easily the avian flu virus (influenza A H5N1) could be manipulated into a highly infectious and deadly form for humans. These studies, which were funded by the United States Government through the National Institutes of Health of the US Department of Health and Human Services, have sparked a fierce debate as to their risks and benefits to humankind. Lacking in the current debate, however, is any significant attempt to describe in basic terms the risks and benefits of such research or the basic safeguards already built into the biomedical research enterprise that serves to protect the public's welfare.
In this article, the authors will attempt to frame the ongoing debate for those outside the scientific research community by discussing a number of competing public policy issues that the recent H5N1 controversy raises about research on dangerous pathogens or biological agents and the concerns that emergency planners and managers nation-wide face when such research is conducted in their communities.
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H5N1 is a highly virulent subtype of the influenza A virus that causes infectious illness in birds. Most avian viruses do not infect humans; however, some strains have the ability to cross the species barrier and cause serious disease in humans. Most cases have occurred in people who have had direct contact with infected poultry. There is no evidence that the disease is spread by consuming properly cooked food, and until recently, the disease was not found to be transmissible between humans. 1 The first confirmed case of human H5N1 infection occurred in 1997 in Hong Kong during a poultry outbreak. 2 After a widespread re-emergence in [2003] [2004] , the disease spread throughout Asia, Europe, and Africa. There have been 587 cases reported to the World Health Organization (WHO) since 2003 and 346 fatalities as of February 24, 2012. 3 H5N1 infection in humans is poorly understood. Clinically, the disease is unusually aggressive, causing rapid deterioration and a high fatality rate. No effective treatment for H5N1 exists; however, Oseltamivir (Tamiflu) may shorten the course of disease if given within 48 hours after symptom onset. Its efficacy in preventing complications is uncertain. 4 Despite the relatively low impact that the H5N1 virus has had on human populations over the past 15 years, public health experts worldwide are very concerned that
Creating monsters for the greater good of humanity: Conflicting interests of science and homeland security human to human transmission could develop over time as the virus evolves in the wild, resulting in an H5N1 outbreak and a major public health crisis with significant economic and social consequences worldwide. 5 To improve general understanding of H5N1 infection in humans, scientific teams at the University of Wisconsin-Madison and Erasmus Medical Center in the Netherlands have been studying how this deadly virus may become transmissible from human to human, with the expectation that new information could improve disease surveillance and better inform the development of a vaccine. Both teams conducted research funded by the National Institutes of Health (NIH) in which the H5N1 virus was genetically engineered to make it readily transmissible among ferrets (the favored laboratory model for studying transmission potential in humans) and presumably among humans as well. 6 * When these researchers announced their findings several months ago, a fierce debate as to the usefulness and validity of such research ensued. 7 As a result, scientific journals that were preparing to publish the results of this research sought guidance from the US Department of Health and Human Services (HHS, the parent agency of the NIH) through the National Science Advisory Board for Biosecurity (NSABB). 8 The NSABB is a federal advisory panel tasked with providing advice, guidance, and leadership regarding dual-use research of concern in the life sciences. Research is considered dual-use when the legitimate biological information gained has the potential to be misused to threaten public health or national security. The NSABB makes recommendations on the conduct, communication, and publication of dual-use research of concern; provides strategies for effective oversight of federally supported biological research; and determines how to effectively address national security concerns while supporting the research community and promoting scientific progress. 9, 10 In response to the request of the scientific journals for guidance regarding the H5N1 research, the NSABB advised the researchers to publish redacted versions of their research manuscripts that omitted details about their methodology and other information out of concerns that the H5N1 virus could be replicated and used as a bioweapon. The NSABB acknowledged that the research might lead to increased preparedness and disease control but had concerns that the risk of misuse would outweigh the benefits. 
COMPETING INTERESTS
There are a number of voices in the recent debates concerning the controversial H5N1 research and the NSABB recommendations about publishing the research results. These voices represent a number of competing interests that key decision makers in government and society need to balance as a matter of public policy. Among the principal competing interests in this controversy are those of biomedical science, public health and medicine, and the public's general welfare.
The interests of biomedical science
Biomedical science is particularly concerned with the study of basic and complex concepts of biology that impact human health and physiology. Biomedical scientists face the greatest challenges when investigating the more complicated issues of human biology (eg, how people get cancer or how a virus causes disease), in part because researchers are not always equipped to conduct their work under conditions that best resemble or mimic conditions in nature. To address this challenge, researchers may attempt to engineer changes in biological systems to replicate some of the worst outcomes found in nature. These efforts may include the production of dangerous pathogens or biological agents, the study of which has the potential public benefit of enhancing general understanding of how emerging biological-based threats evolve and how they can be mitigated or prevented.
Researchers have taken such controversial steps before to advance the understanding of biology for the greater good of improving society's preparedness against public health threats. In 2005, scientists from the Centers for Disease Control and Prevention (a part of HHS) recreated the virus responsible for the Spanish flu pandemic, which killed a conservatively estimated 60 million people worldwide at its peak in the early twentieth century. 12 Undertaken to improve general understanding of how such a virus could become so deadly and how governments and communities can prepare for future epidemics, this research has contributed to efforts to develop new and better medical countermeasures and treatments. These research efforts also have generated much debate and controversy. 13 A significant portion of biomedical research has been supported through public sources of funding, such as those provided by the NIH. The stated mission of the NIH is to "[seek] fundamental knowledge about the nature and behavior of living systems and the application of that knowledge to enhance health, lengthen life, and reduce the burdens of illness and disability." 14 The controversies over the Spanish flu research and the more recent H5N1 research publications, however, illustrate a serious contradiction embedded in this mission:
On the one hand, the NIH promotes and directly funds research and discoveries leading toward novel pharmaceuticals and treatments to reduce morbidity and mortality from natural pathogens. This mission includes supporting scientists to develop applications to mitigate and prevent the next pandemic or bioterrorism attack.
Conversely, the NIH must contend with the fact that threats identified as potential biosecurity risks, whether human-caused or natural, can easily be derived from NIHsponsored research. Sophisticated laboratory settings, scientists proficiently trained in cutting-edge approaches of molecular biology, and readily available resources form the foundation not only for a good scientific working environment but also for creating the next biological weapon (whether unintentionally or intentionally).
Balancing these two contradictory components of its mission poses a significant challenge for the NIH. Adding to this challenge are the difficulties inherent in trying to determine the ulterior motives of laboratories seeking NIH support, particularly those in the private sector.
The highly competitive and arduous process for obtaining NIH and other public sources of funding to support scientific research incentivizes researchers to use cutting-edge ideas to secure such funding. Unfortunately, being cutting-edge may draw laboratories dangerously close to the ethical limits of biomedical research. Although few people question the overwhelming contributions that basic science research has had in improving human health and well-being, NIH-sponsored research will continue to be a doubleedged sword. The danger may be reduced, however, by enhancing accountability and oversight mechanisms in how NIH and other public research funds are spent.
The interests of public health and medicine
Public health is particularly concerned with preventing and managing disease in population. The field of medicine has similar goals but at the individual level. In both cases, achieving these goals effectively will require planners and decision makers in public health agencies, healthcare providers, and other components of the healthcare system to understand the following: 1) what are the potential threats to the public's health; 2) which population are at risk from these threats; and 3) what is the magnitude of the risk that these threats pose to the population at risk (eg, accurate rates of morbidity and mortality)?
Knowledge of this information is also essential for planners and decision makers in government and the healthcare system to assess current needs and to develop emergency preparedness plans and activities (eg, enhancing surveillance capabilities) related to potential public health threats. This information often can be derived from the work of scientific researchers who have studied key elements of the public health threats that are of concern to planners and decision makers. In essence, public health and medicine are interested in obtaining information from biomedical research that is relevant to the prevention, management, and treatment of diseases without increasing the risk of exposure to these diseases.
Unfortunately, the US healthcare system has limited capacity to handle a catastrophic health emergency or a high-impact public health crisis. Many US hospitals presently operate at near 90 percent capacity, particularly in their emergency rooms and intensive care units. Although many hospitals have plans in place to manage emergencies, few (if any) are prepared to deal with a mass casualty or medical surge event.
During an average influenza season, for example, hospitals often exceed their capacity with an influx of atrisk individuals who experience flu-associated complications (eg, newborns, adults more than 65 years old, and patients with chronic disorders such as asthma, diabetes, and cancer). Given these circumstances, it is easy to foresee that a catastrophic health emergency or other high-impact public health crisis (such as an avian influenza pandemic) would overwhelm the existing healthcare system in the United States.
Fortunately, the burden on the healthcare system could be alleviated in several ways by research findings on dangerous pathogens (such as the H5N1 virus) or biological agents that potentially could be at the center of a catastrophic health emergency or public health crisis. Increased understanding of these pathogens and agents will yield information that can be translated into clinical practice (eg, determination of risk factors, better characterization of symptoms leading to early diagnosis and treatment, and knowledge of potential complications) and epidemiological practice (eg, better monitoring of the spread of disease and improvements in predicting, observing, and minimizing harm caused by an outbreak). Continued research also will increase general understanding of the mechanisms that govern human infection, transmissibility, and virulence and aid in the development of countermeasures such as medications and vaccines. Finally, as mentioned previously, such research also facilitates public health emergency planning and preparedness efforts.
As research increases general understanding about infectious diseases and biological agents, as well as the factors that contribute to their transmission in human population, public health officials can better prepare to quickly and accurately disseminate information to healthcare providers and the public in ways that (hopefully) can avert a pandemic or lessen the magnitude of its potentially catastrophic effects.
The interests of the public's "general welfare": public safety, security, and health
The credibility and legitimacy of any government is undermined when it fails to protect the people over which it asserts authority. 15(p2838) This fundamental governmental responsibility is articulated clearly in the preamble to the foundational document of the United States Government:
We Domestic tranquility, the common defense, and general welfare all describe interests related to public safety, security, and health. † These constitutional texts thus provide the theoretical and legal authority for federally funded initiatives aimed at protecting and preserving the public's safety, security, and health throughout the United States. Furthermore, US states (and by extension, local political entities within states) exercise an inherent "police power" that allows them to "promote the public health, morals, or safety, and the general well-being of the community" and to "enact and enforce laws for the promotion of the general welfare[.]"
19(p20) ‡
This inherent prerogative provides the theoretical and legal authority for state and local activities in the United States aimed at protecting and preserving the public's safety, security, and health. Among the aforementioned public safety and security activities at the federal, state, and local levels of government are those related to emergency preparedness, emergency management, counterterrorism, and homeland security. § Bioterrorism ¶ and other biosecurity threats to the public's general welfare (ie, public safety, security, and health) have been a growing concern for national (federal), state, and local governments worldwide in recent years. 19, [21] [22] [23] These threats have also been brought to the attention of the public through events in the news (eg, the Fall 2001 anthrax mailings in the United States) and popular culture (eg, the 2011 Hollywood film Contagion). One reason for the growing concern about bioterrorism has been the quick pace of developments in general understanding of how biological agents can become highly transmissible and deadly in humans thanks to scientific advances and research such as the recent H5N1 studies. As one biosecurity scholar has commented, "It is undisputed that the fruits of scientific advancements may also be subject to harmful 'dual use' by enemy combatants, terrorists, and any number of other malefactors with the necessary skills and resources." 24(p492) Another scholar has commented further that Unlike other weapons of mass destruction, biological weapons-whether developed by a state-sponsored program, terrorist organization, or lone actor-pose a very unique threat. The knowledge, tools, and techniques used to create biological weapons, as well as the biological agents themselves, are readily available in research laboratories throughout the world and in nature. 25(p622) Governments have a legitimate interest in fulfilling their fundamental responsibility to protect their citizens that justifies taking reasonable actions to regulate activities that pose a significant threat to the general welfare of the public (and arguably have a compelling interest that justifies taking necessary actions to regulate such activities). In the United States, governments at the federal, state, and local levels have taken various steps to address bioterrorism and other biological-based threats to the public's general welfare. These biosecurity actions include the following: initiatives to support research efforts aimed at developing medical countermeasures to dangerous pathogens and biological agents; efforts to develop various preparedness and response capabilities for bioterrorist incidences or natural events involving such pathogens or biological agents; and laws and regulations to restrict access to various aspects of such research and capability development efforts, including the select agents under study, the facilities where such work is done, and the key findings and products derived from such work.
24(p492-515), [25] [26] [27] [28] Despite the interest of the US Government, states, and local authorities to mitigate and prevent risks posed by biosecurity threats to the public's general welfare, the actions governmental authorities may take to achieve these goals are subject to certain legal restrictions. More specifically, the powers of the US 18 defines the term "police power" to mean "[a U.S.] state's Tenth Amendment right, subject to due process and other limitations, to establish and enforce laws protecting the public's health, safety, and general welfare, or to delegate this right to local governments." The Tenth Amendment to the US Constitution provides that "The powers not delegated to the United States [Government] by the Constitution, nor prohibited by it to the States, are reserved to the States respectively, or to the people." § In general, emergency preparedness and management are focused on mitigating (reducing) all hazards that potentially threaten a jurisdiction and on maximizing the jurisdiction's response capabilities should the risks become realized. By contrast, counterterrorism and homeland security activities generally are more focused on preventing potential risks driven by human-caused sources from becoming realized in the first place. 20 ¶ Experts have defined the term "bioterrorism" in a number of ways: 1) The CDC equates "bioterrorism" with "bioterrorism attack," which means "the deliberate release of viruses, bacteria, or other germs (agents) used to cause illness or death in people, animals, or plants." 21 2) A team of public health law scholars has defined "bioterrorism" to mean "the intentional use of a pathogen or biological product to cause harm to a human, animal, plant, or other living organism to influence the conduct of government or to intimidate or coerce a civilian population." 23(p623) Government authorized under the General Welfare Clause of the US Constitution and the police power of the states are limited by certain constitutional provisions, particularly those concerning individual rights to autonomy, liberty, property, and other legally protected interests.
15(p2841),19(p20) Furthermore, one pioneer scholar in the field of public health law has commented that "[a]chieving a just balance between the powers and duties of the state to defend and advance the public health and the constitutionally protected rights of individuals and businesses poses an enduring problem for public health law." 15(p2841) The recent NSABB recommendations regarding the controversial H5N1 studies prominently features a conflict between the government's interest in promoting the public's general welfare and the researchers' rights under the First Amendment to the US Constitution** to publish and disseminate the findings from their NIH-funded research. Legal scholars have proposed and debated various theoretical solutions to this conflict. 24, 29 Another potential legal consideration that governmental biosecurity efforts need to take into account is the right of residents (under the First Amendment or as a matter of public policy) to be informed of the fact that dangerous biomedical research is taking place in their community. These examples illustrate the challenges governments face in achieving "a just balance" between promoting the public's welfare and protecting individual rights when considering biosecurity measures as a matter of public policy.
In addition to legal obstacles, governmental biosecurity efforts may be undermined by the unintended consequences of these efforts. As discussed previously in this article, the findings of cutting-edge biomedical research have the potential both to threaten the public's safety, security, and health and to benefit these aspects of the public's general welfare by aiding in the development of countermeasures against these threats. As one expert has noted Nearly all biological research is done for peaceful and legitimate purposes, and all biological agents, with the exception of smallpox and the 1918 Influenza, are public health threats somewhere in the world. Therefore, it is vitally important to emphasize from the outset that biological research and the knowledge, tools, and techniques gleaned from this research are essential to improving the human condition, environment, and agriculture. Any attempt to prevent the development of biological weapons and access to dangerous biological agents must take into account the benefits of biological research and be implemented with the full aid and consent of the global biological sciences community. Only then will we be able to achieve the balance between promoting beneficial biological research while successfully preventing the development of and effectively responding to biological weapon attacks. 25(p622) Even the NSABB acknowledged the legitimacy of this argument in its recent recommendations on the controversial H5N1 studies. 9 
IMPORTANCE TO THE EMERGENCY PREPAREDNESS AND MANAGEMENT COMMUNITIES
The recent controversy over H5N1 research and the competing interests surrounding this and similar types of biomedical research are important to the work of both the emergency preparedness and emergency management communities. At a theoretical level, such research advances the public health system and leads to best practices that enhance public response capabilities to catastrophic health emergencies and public health crises. Furthermore, free communication and dissemination of information about these research advances arguably facilitates strategic planning related to emergency preparedness and management. Emergency planners and managers therefore should be interested in dual-use research of concern, the NSABB's recent H5N1-related recommendations, and the competing interests concerned. Moreover, the recent widespread discourse about these issues in the academic and news media provides emergency planners and managers with an opportunity to engage their communities about emergency preparedness while they are already paying some attention to aspects of community preparedness.
The recent controversy over H5N1 also brings to light some practical issues at the planning and operational levels for emergency planners and managers to consider. Perhaps the most basic of these considerations is for emergency planners and managers to identify facilities located in their jurisdiction that may be conducting biomedical or other types of scientific research that pose a threat to the public's general welfare. Certain states require that laboratories (academic or private) using dangerous biological and chemical agents register their activities.
30 † † Local emergency managers would be well advised to 1) work with state partners to ensure up-to-date analyses of potential laboratory-driven hazards in their jurisdictions; 2) include entities that manage these laboratories and similar research facilities in the jurisdiction's emergency preparedness activities; and 3) integrate these entities into the jurisdiction's emergency response plans and emergency support functions. These principles reflect the core tenets of hazard identification and mitigation and are seminal components of emergency preparedness and management. Involving research facilities in a jurisdiction's interagency planning and preparedness efforts will 1) better prepare a community for emergencies resulting from incidents or events involving these facilities and 2) demonstrate to all governmental and community partners in a jurisdiction that they are critical partners in the community's emergency response operations during an actual incident or event.
These preparedness efforts should be communicated to residents of the neighborhoods surrounding the research facilities to inform and assure them that measures are being taken to protect their welfare. Such communications are intended 1) to facilitate and optimize the outcomes of emergency response operations to an actual incident or event involving the research facilities and 2) to enable all interested stakeholders to work together before a disaster or catastrophic event occurs, thereby strengthening their respective and collective abilities to respond to, recover from, and mitigate the impacts of such a disaster or event.
CONCLUSIONS
As the NSABB acknowledged in its recent recommendations on the controversial H5N1 studies, the findings of cutting-edge biomedical research have the potential both to threaten and benefit the public's safety, security, and health. 9 This article has highlighted several competing interests that are at stake when it comes to protecting the public from biological hazards. In balancing these interests, a key question needs to be addressed: Which combination of decisions and actions will maximize a jurisdiction's ability to safeguard its communities and residents from the hazards associated with natural and human-caused threats? One way to address this issue may be to have a jurisdiction's emergency planners and managers conduct hazards assessments from all perspectives for their community.
From a broader policy perspective, debate continues about the usefulness of biomedical research on dangerous pathogenic agents and disseminating the results of such research to the public. Some may raise "slippery slope" concerns about whether a decision to place narrow restrictions on the publication of publicly funded H5N1 research eventually will lead to acts of general censorship in the name of biosecurity. Furthermore, there is a public interest for the public health and healthcare systems to have at their disposal the best, most advanced technologies and treatments available to enhance and protect the quality of life of members of the public. Several scholars have commented on this tension between the interests of biomedical science and the public's general welfare. [24] [25] [26] [31] [32] [33] [34] One such scholar has remarked:
The dilemma over open science arises from the incompatibility of restricting access to scientific findings in the interests of public welfare with a notion of public welfare that is itself reliant upon the open exchange of findings and scientific data. Therefore, great care is needed to avoid remedies that unnecessarily impede the exchange of information between researchers and deter important lines of inquiry. Thus, a carefully crafted remedy is needed to cease free-ride opportunities available to malefactors interested in misusing scientific advancements without impeding much needed advancements in science. 24(p492-493) Although experts often are tasked with providing recommendations on these matters, 35 ,36 members of the general public need to understand this debate and what is at stake. A public discussion in plain language about this issue must include community representatives and private residents so that all potentially affected parties can take part in the debate and grasp the consequences of the decisions made as a result of this debate.
‡ ‡ Such a public discourse among the various stakeholders will ensure that biosecurityrelated decisions intended to "insure domestic Tranquility, provide for the common defense, [and] promote the general Welfare" are made while adhering to democratic processes and principles intended to "secure the Blessings of Liberty."
